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BBenenue

NONEPEYHbLIMU ObIWWALIMMU
TPEWULMUHAMU

Excnepumenmanvho 00Cioncytomocst UMYUEHT KOTUBAHHSL CHPUIC-
Hi8 3 NONepeyHuMU MPIWUHAMU BEIUKOT 2AUOUHU, WO OUXaromo.
Konueanna cmpuoicnis 36y0xcyromocs KiHeMAMUYHUM PYXOM 3aKAd-
OeHHsl, wjo 8i0MBOPIOEMbCSL 3a 00NOMO20I0 8ibpocmenda. Pezyroma-
mu aHalizy KoauBaHb 300padceri HA aMnIimyOHO-4aCMOMHUIL XapaK-
mepucmuyi. Ananizytomoeca @yp’e cnexmpu nepioOUYHUX KOIUBAHD.
Jlocrioocyromucs 0obaacmi 6a2amo3HayHoCmi KOIUBAHb.

Hannuue TPCIIUH ABJISACTCA OJHOM U3 HaunboJee PaCpOCTpaHCHHBIX MNPUYUH PA3PYHICHUSA KOHCT-

pykmwii. 11 Toro 9To0bI H30€XaTh 3TUX pa3pyIIeHHH, TPOBOIATCS UCCIEAOBAHUS A Pa3pabOTKH TUATrHO-
CTUYECKUX KPUTEPHEB TOSBICHUS TpeuH. IlapamMeTpsl HEMMHEHHBIX KOJeOaHM KOHCTPYKIIMA Ipe3BhIUaii-
HO YYBCTBUTEJIBHBI K O0Pa30BaHMIO JBIIIAIINAX TPEIIUH, MO3TOMY MOTYT HCIIOJIb30BaThCS B KA4ECTBE JTUAr-
HOCTHYECKUX KPUTEPHEB MPH 00pa30BaHWHU TpemMH. MHOTO YCHINH TPEINpPUHATO ISl HCCIEIOBAaHUS He-
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JTTHEHHBIX KOoeOaHu! CTepKHEH ¢ ApImamuMu TpemuaaMu. CBoiicTBa KoeOaHUH CTep)KHEBBIX KOHCTPYK-
AN ¢ TpeIWHAMHA TTOAPOOHO OMMCHIBAIOTCS B 0030pHOM cTaTthe [1]. B craThe [2] moka3piBaeTcs, 9TO € poc-
TOM TPEUIUHBI YBEIIMYUBACTCA KOAQ(UIMEHT IMHEHHOTO NeMIpupoBaHus cucteMbl. B pabote [3] uccneny-
I0TCS CTIEKTPAJIbHBIC TIOTHOCTU KoJeOaHuil Oaiky ¢ Jplmaiieii TpemuHoi. B craThe [4] mpencTaBieHb am-
IUTUTYAHO-YaCTOTHBIE XapaKTePUCTUKH Oaiku ¢ TpemuHoi. [loguepkHem, 4ro o0racTeli MHOTO3HAYHOCTH
KoJieOaHmil He ObUTO 0OHAPYKEHO dKCIIEpUMEHTAILHO. B cTraThe [5] skcrnepuMeHTaIbHO TIOKa3aHo, YTO JIEK-
PEMEHT KOJIeOaHU CYIIECTBEHHO 3aBUCHUT OT IIYOHMHBI ABIIIANICH TPEIIMHBI. Y TBEPKIACTCS, YTO BEIMYUHA
JIEKpEMEHTa, B OCHOBHOM, O0YCIJIOBJIEHA BETMIMHON YIIPyTro-TlacTHIeckoi oomactu. B pabote [6] sxcnepn-
MEHTAJIFHO YCTAHOBJICHO, YTO KOA(h(DHUIIMEHT TPESHUS 3aBUCHUT OT TIIYOMHBI TpelTuHEL. B crathe [7] paccmar-
PHUBAIOTCSI MEXaHU3MbI HEJIMHEWHOTO MOBEIACHUS TPEIIUMHBI MPU €€ ObIaHuu. JIJig MOdy4YeHusl TPEIIUHEI B
oOpa3sie npejaraercs cienyromui noaxoy [8]. CtepxeHp kpenutcs K matdopme BuOpocteHaa. OH Ko-
nebyeTcs 10 TeX IMop, ToKa B HEM He oOpa3yeTcs TpeulMHa HYKHBIX pa3mepoB. B cratwe [9] skcnepumen-
TaJbHO HMCCIEIYIOTCS COOCTBEHHBIC YaCTOTHI CTEPXHsI C ToNepedHoi TpemmHoi. B padote [10] Tpemuna
MOJICTUPOBAJIACh MEXaHHUYECKUM pa3pe3oM o0pasiia. B 3Toii cTaThe 3KCIEPUMEHTATBHO MCCICAYESTCS BIIHS-
HUE TTyOWHBI TPEIIUHEI Ha COOCTBEHHBIE YaCTOTHI KOJIEOAHUN KOHCTPYKITUH. )1 BO30YKIeHUS KoJIeOaHuiH
Oayiku ¢ TpemmuHoH B padote [11] ucnoms3yeTcss BHOPOCTEH . AHATN3Y MOABEPTAIOTCS CTICKTPAIBHEIE TII0T-
HOCTHU KoJjeOaHuii Oanku ¢ TpemuHoi. B cratke [12] mpuBoauTcst 0030p 3KCHEPUMEHTAIBHBIX U TEOPETHYEC-
CKHX pabOoT MO UCCIIeIOBaHUIO KoJieOaHuit 0aIoK C TpEITMHAMHE.

B nmaHHO# cTaThe IKCHEPUMEHTAIBHO WCCIENyeTCs BIMSHHE BIMAIIAX TOMEPEeYHBIX TPEIIUH Ha
CBOICTBA HEJIMHEHHBIX BBIHYKJICHHBIX U3TMOHBIX KoneOaHuit crep:kHel. [loguepkHeM, 4To paccMaTpHUBaOT-
Csl KOHCTPYKIIUU C TIyOOKMMU TpermuHamMu. [y 6aiok ¢ TiryOOKUMH TpeIMHAMHE MOTyYeHbl aMIUTATYTHO-
YaCTOTHBIE XapaKTEPUCTUKH, B KOTOPHIX HAOMIOMAIOTCS o0xacTh rucrepesuca konebanmid. Mccmenyrores
cnekTpbl Dypbe NepuoINISCKIX HETMHEHHBIX KOIeOaHMA.

MeToauka npoBeaeHus IKCIEPUMEHTA

Ilenpro HaCTOSIIEH CTATHU SBIISICTCS MCCICIOBAHNE BRIHYKICHHBIX U3THOHBIX KOJICOAHMN CTepKHEH
C TIONIEPEYHOH neImarieil TpemuHoi. M3rnbOHeie KoneOaHus CTepKHEH BO30YKTAIOTCS KHHEMATHICCKUM
JBIOKCHUEM 3a/IeIKU. Takue ABMKEHUs 00€CIeUHBAIOTCS ICKTPOAMHAMUYECKIM BUOpocTeHaoM. DoTtorpa-
¢us 1 3cku3 OaNKu HAa BUOPOCTEHJIE MPEICTaBICHBI Ha puC. 1. [IpuHIMNManpHas cxeMa 3JIeKTPpOoAMHAMUYE-
CKOT'0 BHOPOCTEH/Ia, HA KOTOPOM KPEITUTCST KOHCOJIbHAS 0ajKka, JaHa Ha puc. 2.

Epsinmt L, L,

Puc. 1. ®omozpagpus u Icku3 6anku ¢ mpewuHol, yCmanoei1eHHoU Ha INEKMPOOUHAMUYECKOM sUOPOCMEeHOe

Ha mnargopme asnextponunamuueckoro Budpoctenaa mogenu ST 5000/300 ycTaHOBIEH MCHBITHI-
BaeMbIil CTEP)KEHb C KBAJPAaTHBIM IONEPEYHBIM ceueHHeM. CTepiKeHb M3TOTOBJIEH M3 KOHCTPYKIIMOHHOHN
CTaM Mapku 3, UMeeT KBazpaTHoe nonepedroe ceuenne 10x10 mm. OOpaserr pacioaraeTcsi TOpU30HTAIb-
HO. OIMH KOHEI CTePKHS YKECTKO 3alieMiIeH Ha IutaTdhopMe BUOPOCTEHIa C MIOMOMIBIO CIIEHANBHOTO YCT-
policTBa, BTOpoii — cBoboaeH. Ha cBOOOIHOM KOHIIE CTEpXHsI YCTAHOBJIEH MBE303JIEKTPUYECKUI BHOPOIAT-
YHK, C TIOMOIIBIO KOTOPOTO U3MEPSIOTCS BUOPOyCcKOpeHHsl KonebaHmid. B mpouecce skcnepuMeHTa Ha Iiat-
dhopme IIEKTPOINMHAMUIECKOTO BHOPOCTEHIa BOCIPOM3BOIMIIACE BHOpANHS C 3aJaHHBIM 3HA4YCHHEM BHO-
POYCKOpEHHsI, KOTOPOE KOHTPOJIHMPOBAIOCH BHOPOMETPOM C HMCIOJIB30BAHUEM BHOPONATUMKA, YCTAHOBIIECH-
HOro Ha atdgopMe BUOpocTeHaa. 3HaYeHHe BUOPOYCKOpEHHs Ha IuaTdopMe BUOPOCTEHIAa TOAePKHIBa-
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JIOCh TIOCTOSIHHBIM.  BuOpoctenn
BOCITPOU3BOJWI  MOHOIapMOHHUYE- L L2
CKHe BUOpAIlUU, 9aCTOTa KOJICOAHUIA 3

/

e 4 5
KOTOPBIX 33JaBajlaCh JUCKPETHBIMU I il
X

Jlnst M3MeHeHHs JMCKPETHOTO 3Ha- 5

YeHHMST YacTOThl B  BHUOPOCTEHJI [

OnekTpudeckas o0OMoTka (pwuc. 2)

MOCTOSTHHOTO JICKTPOMAarHuTa Iu- ¢

TOKa, 0OMOTKa IEPEMEHHOTO TOKa - 7

OoT reHeparopa curHainoB. Yacrora L

YeCKHX BHOpaIuidi u3MepsieTcs dac-

TOTOMEPOM, BXOJSIIAM B CHCTEMY

3HAYCHUSAMU (KBa3MCTaTUUECKH).
BKJIIOUCHA CHCTEMa yIIpPaBICHUS.

I i
TaeTCs OT MCTOYHHMKA IOCTOSHHOTO

9 8_\% _TF
BOCIIPOU3BOJAMMBIX MOHOTapPMOHHU- @
VIpPaBIICHHUS. ///////////////

Chagama B GesedexTroi Puc. 2. Cxema 6anku ¢ mpeuwyunoil, ycmanoeieHnoil na
Oanke HEOOXOAMMO MONYYHTH JIbI- 2IEKMPOOUHAMULECKOM 6UDPOCHENOe:
LIANLyo TpewuHy. Jlins atoro Ganky 1 — MarHUTOIIPOBOJ AIEKTPOANHAMUYECKOTO BHOPOBO30Y IUTEIIS;
0e3 TpeIuHsbl (PUC. 2) IPU IOMOILH 2 — mnatdopMa NCKTPOTUHAMUAICCKOTO BHOPOBO30Y IUTEIIS;
CIELUATbHOTO MIPHUCIIOCOOIEHUS 3 — mpucnocobieHne s KPEIUIEHHS UCTIBITHIBAEMOTr0 00BEKTa;
Kpenwind K TuiathopMe SIEKTPOIU- | 4 — CTepKeHb ¢ MONepevHOl TPEIHHON; 5 — BUOPOJATUHK, PACTIONIOKEH-
HAMHYECKOTO  BHOPOBO30OYAHUTEIS. HBIN HA CTEPIKHE; 6 — BUOPOJATUHK, PACIIONOKEHHBIN Ha iarhopme
Dta muargopMa COBepIIaia MOHO- BHOpoCTeH/a; 7 — cucTeMa yIpaBleHHs!; 8 — 2JIEKTpUYeCcKas 0GMOTKa
rapMOHHYECKHE JBWKEHHS H TeM HOCTOSIHHOTO TOKa; 9 — 3IieKTpriecKast 0OMOTKa IEPEMEHHOT0 TOKa

caMbIM  BO30yXmana  KoJieOaHUS

cTepxHs. B pe3ynbraTe JUIMTENBHBIX BBIHYKICHHBIX KOJIGOaHUN B OaJike BO3ZHHKAIA JBIINIAIIAs TPEUIMHA.
3areM Oasika ¢ ApIMIAINIEH TPEHIMHON HCIIONb30Bajach U AKCIEPUMEHTAIFHOTO aHAIN3a HEJTMHEWHBIX KO-
nebanmii. M3 Gompmioro uncna Takux 0ajgok ¢ 00pa3oBaBIIMMHUCS TPELIMHAMH BbIOMpanach Oaika C morme-
PEYHO TPEIIUHOM MOCTOSHHOMN TITyOUHBI.

[Ipn mpoBeneHNN TIEPBBIX U3MEPEHUH BBIHY)XIEHHBIX KOJICOaHWH Ha KOHIE OalKy KPEMWINCh JBa
BHOpOAATYNKA U M3MEPEHHs M3rHOHBIX KoJeOaHuil B IByX MEPHEeHINKYIAPHBIX TIOCKOCTAX. Kak mokasa-
JIU U3MEPEHHUSI, aMIUTUTY bl U3THOHBIX KOJCOaHUH B TUIOCKOCTH BO30YXKJaeMbIX KoneOaHuil (puc. 2) 3HaYu-
TeapbHO Ooublie KojeOaHUil B MEPIEHANKYISAPHON MiIockocTH. [103TOMYy MOXXHO cYuTaTh, 9TO KOIeOaHUsS
MIPOUCXOMST TOJIBKO B 3TOM TUIOCKOCTH.

B pesynbTaTe SKCIEPUMEHTAIILHOTO aHAIHM3a BBIHYXICHHBIX KOJICOAHWH CTPOMIMCH aMIUIATYTHO-
YaCTOTHBIE XapaKTePUCTUKH KOJIeOaHHiT BUOPOYCKOPEHUS KOHIIA KOHCOJILHOTO CTEPXHs ¢ TpeiuHoi. [Ipo-
BoawiIcs aHainu3 Dyphe criekTpa MepruoANIECKIX KOJIeOaHHH BUOPOYCKOPEHUH U IKCIIEPUMEHTANBHBIN aHa-
JIU3 aMIUTATYTHO-YaCTOTHBIX XapaKTEPUCTHUK JJIs PA3IUYHBIX TEOMETPUUICCKUX Pa3MEPOB CTEPIKHEH.

s uccnenoBaHus HEOTHO3HAYHOCTH HEJMHEHHBIX KOJeOaHUi MPOBOIMIOCH JBA 3KCICPUMEHTA.
CHagana mccieTyeMblil YaCTOTHBIN THana30H BOCTIPOU3BOIMIICS C KBa3UCTATUIECKUM YBEIIMYCHUEM YacTo-
ThI BO30y>KIaeMbIx KoneOanmii. Ha Kakqoii 4acToTe 3aliCchIBaINCh YCTAHOBUBIIHNECS BBIHYKIEHHBIE KOJIe-
Oanus. [lomyueHHBIE aMIUIMTYIbI KOJICOAHMII HAa aMIDIMTYIHO-YaCTOTHOW XapaKTEPHCTUKE 0003HAYAIINCh
gepe3 Ajpe. [10TOM 3TOT e 4acTOTHBIN Juama3oH HCCIEIOBAICS ¢ KBa3UCTATHUECKUM YMEHBIIEHHEM 9acTo-
THI BO30Y)KIaeMbIX Konebanuil. [lorydeHHbIe TBIKCHHSI 0003HAYAIACH Yepe3 A e

Pe3ynbTaThl aHaIN3a BHIHYKACHHBIX KoJleOaHUH

Mopenb uccieayeMoro KOHCOJIBHOTO CTEPKHS Mpe/cTaBlieHa Ha puc. 1. Ha paccrosiHuu Ly OT JeBO-
T0 KOHIIA CTEPXKHS PacIoioKeHa ToTepeyHasl Tpenuaa TryonHond d. Obmas amuHa crepxkHst L= L) + L.
['myOuna Tpemuubl 5 MM. TloguepkHeM, YTO HAMU paccMaTpUBaeTCs 0anka ¢ OOJIBIION TPEIIMHOM, KOTOpas
3aHUMAET IOJIOBUHY IMONEPEYHOr0 CEUSHUS KOHCTPYKIMH. [Ipy MpoBeIeHNU SKCIIEPUMEHTAIBHOTO aHAIN3a
BenmuuHa L, OblIa MOCTOSHHON M paBHsutack 102 MM, a BenuumHA L MpUHAMAaja 3HAYCHHE, paBHOE 15 MM.
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[Tpu uccnenoBaHNY BHIHYKICHHBIX KOJICOAHUI CTEPKHS OHU BO30YKIATKCh MONEPEYHBIM KHHEMATHIECKUM
JBIDKECHUEM 3aJIE]IKH 110 TApPMOHMYECKOMY 3aKkoHy & =& sin ®f. AMIUMTya BUOPOYCKOpEHHsT A Ha Tiar-
(dhopMe BUOpOCTEHAa TIPH UCCIICIOBAHUU KOJICOAHWH B HEKOTOPOM YaCTOTHOM JIHMATIa30HE MOJICPKUBAIACH
rmocTosTHHONW. OHa pacCUYHUTHIBAETCS IO opMyse A = c’;(,(oz. OTta BemnuuHA A OCTaeTCs MOCTOSHHOU B IIPO-
necce skcnepuMenTa. OHa mpUHUManach pasHoil 20 M/c”. MTak, ecln yacToTa KoneGaHuil BUOGPOCTEH/a Mo-
BBILIAIACH, AMIUIUTY/IA ero Kosnebanuii &, yMeHbIIanach.

AMIUIMTY/THO-4aCTOTHAsI XapaKTePUCTHKA BBIHYKJCHHBIX KOJCOAHWUH CTEp)KHS IPEICTaBICHA Ha
puc. 3. Bce uccneayembie xonebanus ObutH nepuonuueckumu. Ha puc. 3 o ocu OpAMHAT MOKa3bIBACTCS
MaKCUMaJIbHOE 3HaUYeHHE BUOPOYCKOPEHUS CBOOOTHOTO KOHITA OalK{ 3a MEPHOJ KojiebaHus, a 1Mo ocu abc-
IUCC — YaCTOTa BO30YKICHHS KOIeOaHUA.

B Touke MakCHMaTbHBIX

A /ey aMILTUTYl BUOPOYCKOPEHUH aMILIHU-

1400 A Tyna KoJIeOaHmit COCTaBIIIET

427-107* m. Takas BenuumHA 3HA-

1200 YUTEIFHO MEHBIIIE CTOPOHBI ITOTIE-

1000 pEYHOrO0  CEUYEHHUS  KBaJpaTHOTO

crepxHs. [loaToMy reomeTpudeckas

200 HEJIMHEWMHOCTh, He HaOJIrofaercss B

KOHCTPYKITUM W HEJTWHEHHOE IHHA-

600 MUYECKOE TMOBEJCHHE CTEPXKHS OIl-

400 peaenseTcss TOJBKO IMPOIECCaMH
JIBITITAHAS] TPETITHHBL.

200 L\ [lepBast coOcTBEeHHas 4acTo-

Ta  koneOaHuiét  Oe3xedeKkTHOTrO

0 T T T T T T > CTCPIKHA OblIa IMOJIy4€Ha SKCIIEpH-

240 245 250 255 260 265 270 £Tu MeHTaiasHO. OHa paBHsercs 350 I'm.

Kak crmegyer w3  aMIUTUTYIHO-

Puc. 3. AmMnaumyono-uacmomnasn XapaKmepucmuKka u3zuoHsIx 4aCTOTHOM XapaKTePUCTHKU

BBLHYIHCOCHIBIX KOLCOAHUIL CIEPICHA ¢ MPEUUHOTL (puc. 3), BCJEACTBHE HEIMHEHHOTO

JBIIIAHUS  TPEUIMHBl  YaCTOTHBIN
JMaIa30H PE30HAHCHBIX KOJIeOaHUl CYIIECTBEHHO CHM)KaeTca. Takoe CyIeCTBEHHOE CHHKEHHUE YaCTOTHOTO
Irara3oHa OOBSICHACTCS 3HAYNTEIHHOW TITyOWHOH TMOTepedHO TpemuHbl. [Ipr KBa3uCTaTHYECKOM YBEIH-
YeHWH YacTOTHI BO30YXACHUS B [uana3one (puc. 3) ¥ Ipy KBa3UCTaTHIECKOM YMEHBIIEHHH YaCTOT BO30YK-
JICHYsI HAOJTIOJIAeTCsl TUCTEPE3UC YCTAHOBUBIIIMXCS MEPUOUYCCKUX KOJICOAHUH, TPYTUMHU CIIOBAMH, MHOTO-
3HaYHOCTh YCTAHOBUBIIHMXCS KojJeOaHWil. JTa MHOTO3HAYHOCTh MMEET MECTO B YaCTOTHOM THama3oHe
255+266 I'n.

[lepen uccnenoBanueM kojeOaHWil OajKH C TPEIIWHOM, MPEACTABICHHBIX HA pPHUC. 3, TPOBOAMICA
aHaJIM3 JTMHEWHBIX BBIHYKJECHHBIX KOJeOaHWH, TO €CTh MCCIEAO0BaINCh KojeOaHus Oe3/eeKTHOW Oaliku.
Hamu 6pia mosydena aMImmuTyAHO-4aCTOTHAS XapaKTEPUCTHKA, OTIMCHIBAIONIAS INHEHHBIE KOIeOaH!s KOH-
CTPYKLIHUHU.

[TomuepkHeM, 4yTO pe30oHAHCHBIE KOyieOaHusl (pUC. 3) SBISIOTCS MOJUTaAPMOHUYECKUMHU. Tak, BBIHYXK-
JIEHHBIC KOJICOAHUs ¢ OOJBITMMH aMIUTUTYIaMHU IIPH YacTOTe BO30YKIeHUS KoneOanuii 266 I'm uMeroT e-
THIpe TapMOHHKH psina Dypbe. AMIUTHTYIBI TApMOHHK BHOpOyckopenmii, (m/c’) A, = 1100, 4, =132,
A3 = 92, A4 =32.

Janee HaMH MCCIENOBANOCH BIWSHUE aMIUIMTYIbl BUOPOYCKOPEHHS KWHEMATHYECKOTO BO30YXKe-
HUS Ha YCTAaHOBUBIIHECS MEPHOANICCKUE KOJIeOaHUs B 00IACTH HUCCIEMyeMOTo pe3oHaHca (puc. 3). Dkcrie-
PHMEHTBI IPOBOIMIINCE C TPEMsl 3HAUESHHUAMH BUOPOYCKOpeHHil miathopMsl, (M/c”) A = 10; 20; 30.

Pe3ynpraThl JKCIIEPUMEHTANBHOTO aHajlN3a YCTAHOBHMBINUXCA KOJeOaHWII KOHIA KOHCOJBHOTO
CTepXHs mpeacTaBieHsl Ha puc. 4. [1o ocn opanHAT TOKa3aHBI MAaKCHMaNIbHbIE 3HAYEHHSI BHOPOYCKOPEHHS, a
1o ocu abcIyce — 4acToTa KHHEMaTHIeCKOTO Bo30ykaeHus. KpruBbie 0003Ha4€HBI Ajye M Agec, YTO YKA3BIBAET
Croco0 MoJTydyeHUs] KPUBOW MPU KBAa3UCTATUYECKOM YBEIUYCHUU WIIM YMEHBIICHHH YacTOTHI BO30YKICHUS

ISSN 0131-2928. Ilpo6a. mawunobyoysanns, 2017, T. 20, Ne 2 39



JMHAMIKA TA MILIHICTb MAIINH

koneOanmii. OK0JI0 KPUBOH TTOKa3aHa BEIMYNHA BUOPOYCKOPEHUS KHHEMATHIECKOTO BO30YKIACHUS 33 ICITKH.
KpuBas, moydeHHas mpu BHOPOYCKOPEHHH KHHEMATHYECKOTO BO3OYKICHHS 3ameikd, paBHoM 20 m/c’,

MpeJicTaBleHa Ha pHc. 3.

A ity
1800 4

1600

1400 A

1200 4

1000 4

800 4

600 4

400 A

200 4

0 T T T T T T T
240 245 250 255 260 265 270 275 f.Tu

Puc. 4. Amnaumyono-uacmommnosle XapaKmepucmuK bIHYHCOEHHBIX
Konebanuii 011 mpex 3HaueHuil 6UOPOYCKOpeHUs KUHEMAMUYECKO20
2
6030y1coenus, (m/c”) A = 10; 20; 30

[lomuepkHem, 4to Komneba-
HUS, BO30yXKJaemble KHHEMaTHde-
CKAM JBW)KCHHEM 33K C BHO-
poyckopennem A =10 M/c>, He
MMEIOT 00JacTH THCTepe3nca, Tak
KaK aMIUTUTYJHO-9aCTOTHBIE Xapak-
TEPUCTUKH TP KBA3UCTATUYCCKOM
YBEJIIMYCHUU U YMCHBIIICHUU YacTO-
Thl BO30YXAeHHs coBmanaroT. [lpu
BuGpoyckopennsax A =20m/c> u
A =30 m/c> HabmogaeTcst rucTepe-
3WC HENMMHEWHBIX Konebanmii. He-
00XOJMMO OTMETHTb, UYTO HPH YyBe-
JUYEHUH BUOPOYCKOPEHHS KHHEMa-
TUYECKOTO BO30YXICHUS 3aelKH
YaCTOTHBIN JUama3oH, B KOTOPOM
HaOromaeTcs THUCTEpE3UC, TOXKeE
yBemuunBaerca. Ilpu A =20 m/c” n
A =30 M/c* YaCTOTHBIE JMATIA30HBI
rucrepesnca KoileOaHWH TaKOBBI:
256+265 n 256269 I'n.

[anee mnpoBomunace eme
OHAa cepus OJKCIEPHUMEHTOB s
CTEpIKHsI OONbIIeH MITHHBL. PazMepsr
MOMEPEYHOT0 CEYCHUS] W TIyOHMHa
TPEIIMHBI OBLUTH TAKUMU K€, KaK U B

MIPEABIAYIUX dKCIIepuMenTax Ly = 15 Mm, L, = 166 mm. Konebanus 3aaenku ObUTH MOHOTApMOHUIECKUMH C
IOCTOSIHHBIM BHOpOyckoperreM 20 M/c’. AMIUIHTYIHO-4aCTOTHAsI XapAKTEPUCTHKA MEPHOINIECKUX KOJIe-
0aHMl KOHIIA KOHCOJIBHOTO CTEPXKHS C TPEUMHOMN Mmoka3aHa Ha puc. 5. [lepBas coOCTBeHHAs 4acTOTa U3THO-
HBIX KOJICOAHUH ATOTO CTEPKHS 0€3 TPEIIUHEI, TOydeHHasK SKCIepuMeHTaTbHO, coctaBisteT 202 ['m. Cymre-
CTBEHHOE YMCHBIIIEHNE PE30HAHCHBIX YaCTOT (PHC. 5) CBSI3aHO C IBIIAHUEM TPEIIUHEI O0IBIIOHN TITyOWHEI.

Ane’
700

600 -
500 +

400 A

O T T T T T T
110 115 120 125 130 135 £ TIn

Puc. 5. Amnaumyono-uacmommuasn xXxapaKxmepucmuKka KOHCO1bHOZ0
cmepoicnsa onunoii 181 mm ¢ nonepeunoii mpewunoii

[epuoanueckue koneOaHus
(puc. 5) ABAAIOTCS NOJUTaPMOHU-
yeckuMu. B psge @ypre 3THX KO-
NeOaHUN PUCYTCTBYIOT TAPMOHUKHU
BIUIOTH 10 4yeTBepTrod. Hamm mpo-
BOJWIJICSI aHAJIM3 aAMIUIUTYJ rapMo-
HUK psina Dypbe KoirebaHuit KOHIIA
KOHCOJIBHOTO CTEPXKHSI C TPEIIMHON
Py TIOMOIIM aHalIu3aTopa CIeK-
TpoB. Takmm oOpazom, ObuTa WC-
CJeoBaHa KauyeCTBEHHas KapTHUHA
CHEKTPAIBHOTO COCTaBA.

Pe3ynpTaThl cieKTpasbHOrO
aHamm3a KoyieOaHWii TOKa3aHbl Ha
puc. 6. Ha puc. 6, a u300paxeHb
BEJIMUMHBI TIEPBOM M TpeTbeu rap-
MoHuk psiga Dypee. [loguepkHem,
YTO TMepBasi U TPETbsl TapMOHHUKA
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TTOKa3aHbl IJIs CTydas KBa3WCTATHUECKOTO YBEIWUYEHHS YacTOTHI BO30OYKIeHUs Koyiebanuii. CpheIB Kojeha-
HUM Ha JIEBOM PUCYHKE YKa3bIBae€TCsl TOJIBKO JJIS mepBoi rapMoHuku psiga @ypee. Ilocne cpriBa nccnemy-
I0TCS KOJIeOaHMsI TIPU KBA3UCTATHYSCKOM YMEHBIIEHUHM YacTOThI BO30YXIcHUs KoneOanwmii. [lepBas rapmo-
HUKa TaKUX KOJICOaHHU TaKXKe MOKa3aHa Ha puc. 6, a. AMIUTUTYbI BTOPBIX, TPEThUX U YETBEPTHIX TAPMOHUK
TIePUOTNIECKAX KOJIeOaHUH TpeIcTaBlIeHBI Ha pHC. 6, 0.

A.ie A/l

600 | 70 4

500 60 1
. 4;

400 - 50 1
40 1

300 - 4,
30 4 A

200 4
20 A

100 A
10 1

o 0 . . ‘ '
114 116 118 120 122 124 126 128 130 132/Tu 118 1% 126 130 £Tn
a) 0)
Puc. 6. Yacmommuvle omxkauku nepuooutecKux Konedanui:
a) - IepBOY U TPETbei rapMOHHMK; 0) - BTOPOH, TPEThel 1 YeTBEPTOIl FAPMOHUK
BeiBoabI

DKCIEepUMEHTAILHO UCCIICA0BaHbI BRIHYKICHHBIC U3TUOHBIE KOJIeOaHUs OAJIOK ¢ OJTHOM MONepeYHOM
TpemuHoi. Konebanus 0anku Bo30yXAaauch KHHEMAaTHYSCKUM JIBUKCHUEM 3alieiKu. PaccMoTpeHs! riry0o-
KH€ TPEIUHBI, KOTOPhIe 3aHIMAIOT MTOJIOBUHY TIOIIEPEYHOTO CEYSHHS OaJIKH. DKCIIEPUMEHTAIHLHOMY aHAIH3Y
MO/IBEpPTaICh 00JIAaCTH TIEPBBIX OCHOBHBIX PE30HAHCOB KOJeOaHWI KOHCTpYyKIWi. B aTux o0nacTsax mccie-
JIOBaHbI YaCTOTHBIC JUANA30HBl MHOTO3HAYHOCTH YCTAHOBHUBIIMUXCS MEPUOJUYCCKUX KoneOanuii. Pesonanc-
HbIC YCTAHOBUBIIIHECS KOJIeOaHUsI KOHIIA CTEPIKHS SBIISIOTCS OJUrapMoHu4eckumu. B criektpe psga @ypbe
TaKHUX KOJIeOAHNH CONEPKUTCSA YEThIPE HEHYJIEBBIX TAPMOHHKH.

DKCIEepUMEHTAIBLHO HCCICIOBaHbl M3TMOHBIE PE30HAHCHBIC KOJICOAHUS BEPTUKAIBHO PACIIONOKCH-
HOTO KOHCOJIbHOTO cTepxHs. KonebaHus crepikHs BO30YXKIAIOTCS MOHOTaPMOHHYECKHM BEPTHKAILHBIM
IBIDKEHHEM 3alenku. VccnemoBansl pe3oHaHCHBIE TIOMTapMOHUYECKre KoeOaHus KoHIa cTepxkHs. [lox-
YepKHEM, 9YTO MHOTO3HAYHOCTH yCTAHOBHUBIIUXCS MTEPHOAMUECKUX KOIeOaHUI HE 0OHAPYKEHO.
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KurouoBi ciioBa: mpusumipni ckinuenmi THERMOELAST'C'TY PROBLEM

eleMeHmuy, 6dl, GMYJKd, NOJis nepeMi-
WeHb ma memnepamyp, 3a3op, Hamse. Buknadeno memoouxy nobyoosu ymourenoi CKiHUeHHO-eleMeHmHoi Mame-
Mamuunoi Mooeni 30IpHUX KOHCMPYKYIU MUNy «8ai» — «BMYIKA», WO Md-
10Mb 3HAUHE PO3NOBCIOONCEHHS 8 eHePOMAUHOOYOYeanHi. 3 suKopucman-
HAM PO3POONIEHUX MPUBUMIPHUX CKIHYEHHUX eleMeHMI8 D036 s3aH0 KOHmMA-
KIMHY MEPMORPYICHY 3a0ayy 01 0aHo2o muny 3’ €onanv. Ompumano noie
PO3ROOINY nepemiuyenb HA MOPYesUx KOHMAKMYIOUUX NOGePXHIX ANy md
6MYJIKU, A MAKONC NOJAE PO3NOOLLY meMnepamyp 6 3’ €OHAHHI.

Introduction

The working process of attached solid constructions like shaft and sleeve subassemblies that are used
in modern turbines is steadily influenced by various mechanical and thermal effects of high intense. This fact
causes a connection between changes of the matched solid bodies mechanical contact and a heat flow
through their surfaces. Especially important this correlation is for details of gas turbine engines due to their
extremely hard working process.

It should be noticed that the main conditions of contact conjugation between the details in such types
of subassemblies always change sharply for every type of mechanism’s working state [1]. Firstly, the shaft
and sleeve subassemblies are fitted with a gap or negative allowances before the start of working process.
This means that each pair of contacting surfaces has its own definite conjugation conditions. But during the
working process the conjugation conditions can rapidly change. Therefore we can observe the changes of
heat flow parameters on the shaft and sleeve contacting surfaces [2]. So a mathematical model used for such
subassemblies thermoelasticity problem solution needs to take into consideration all these changes on the
details contacting surfaces that also cause the variations of temperature and displacement fields on the
aforementioned surfaces.

There are two main approaches that are used for the solution of contact problems for deformable sol-
ids by a finite elements method (FEM). The main idea of the first approach is to use the contact layer of def-
inite thermal conductivity, that is located among the solid bodies contacting surfaces. The finite elements
model of the contact layer is based on finite elements similar to the elements of the solid bodies. But the
thermo conductivity features of the layer elements are different from the features of solid bodies’ elements
[1]. This approach is rather useful, but its application to the thermoelasticity problems solution of real as-
semblies and subassemblies is inconvenient, because it’s extremely hard to calculate the layer’s deformation
caused by the thermal gradient on the contacting surfaces. The second main approach is to use the definite
function, that distinctly determines the dependences between the heat flux and displacements of finite ele-
ments nodes located on the contacting surfaces [3—6]. The foregoing problems solution could be obtained
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